are more than those of the lower limb and the improvement of upper limb shows more delay and less obtained recovery [5] . Nearly 60-70% of the patients experience upper limb impairments on the hospital admission, with approximately half (33% of all strokes) classified as having severe paresis [6] [7] [8] . Two to four years after stroke, 50-70% of those surviving from stroke have lost the function in paretic upper limb [8, 9] . Rehabilitation has an important role in improving the function of paretic limb. Neuroimaging studies have exhibited that rehabilitation might induce brain plasticity after stroke [10] [11] [12] . Recently, the studies have focused on novel interventions to make a recovery from the upper extremity in patients with stroke.
Several studies reported that rTMS had positive effects on treating patients with depression, Parkinson's disease, Huntington's disease, dystonia and cerebral palsy [13] [14] [15] [16] . Recently, rTMS has been used in post-stroke care [17, 18] . The rTMS has an important role in stroke care, including diagnosis, prognosis, and intervention [19] . The rTMS induces depolarization and production of action potential in the stimulated area of cerebral cortex. Based on the characteristics of stimulation, such as frequency, coil orientation, and intensity of stimulation, rTMS can alter the excitability of corticospinal pathways and induce lasting effects on cortical neuroplasticity. Although the neural mechanisms of rTMS on the motor recovery after stroke are not clear, it is vastly suggested that rTMS can influence synaptic connections and produce long-term potentiation and long-term depression [20] .
The effect of rTMS on motor recovery after stroke is based on the inter-hemispheric competition model [21] . According to this model, the contralesional hemisphere produces extreme inhibition on the lesional hemisphere, which may lead to reduced excitability and the cortical drive to the paretic extremity. Neuroimaging researches recognized that excitatory high-frequency rTMS of the lesioned hemisphere and inhibitory low-frequency rTMS of the unlesioned hemisphere can affect the control of cerebral cortex activation and can regulate cortical excitability between the two hemispheres [22] .
Despite several studies on patients with stroke, the usefulness of combining rTMS with rehabilitation treatment is unclear. More studies are needed to clarify the most beneficial effects of rTMS and to certify practical effects of rTMS as a neurorehabilitation tool in treatment of patients with stroke. It might be possible that the use of rTMS prior to rehabilitation training could increase the therapeutic effects and decrease the treatment periods.
According to the previous studies, the subacute stage of stroke is the most proper time period for neurorehabilittion. In this stage, natural adaptations and functional recovery occur quickly on a wide scale [23, 24] . According to this view point, combining rTMS and rehabilitation treatment in the subacute stage might produce a more powerful effect on functional motor recovery in patients with paretic upper limb. The purpose of this study was to determine the effects of a RP in conjunction with rTMS on various functions of lesioned upper limb in the subacute phase of stroke. It was hypothesized that the combination of rTMS and RP could accelerate the functional recovery and enhance the effect of rehabilitation treatment in patients with subacute stroke.
Material and Methods

Subjects
Twenty survivors of stroke with motor deficits in upper limb (9 women, 11 men) voluntarily participated in this study. The sample size was determined according to the results of a previous study that investigated the effect of rTMS in subacute stroke patients with motor deficits [25] . Considering a power of 80% and a critical alpha level of 0.05, 12 patients (six in each group) were determined to detect group differences. To account for possible dropouts, we added 8 more subjects. Therefore, 20 patients were entered into the study. The inclusion criteria were: (a) first-ever unilateral stroke, (b) ischemic or hemorrhagic subcortical lesion within the territory of the middle cerebral artery confirmed by magnetic resonance imaging and a professional neurologist, (c) the age from 30 to 65 years, (d) the post-onset duration of less than 6 months (e) Fugl-Meyer Motor Assessment for upper limb (FMA-UL) score of 22-44. The exclusion criteria for participants were as follows: (a) the past history of epilepsy or seizure, (b) the use of cardiac pacemaker or medical pumps, (c) cognitive impairments (>25 in mini-mental function measure), (d) intracranial metal implants, (e) metal objects in the eye, (f) previous orthopedic problems in the upper extremity, (g) the history of other neurologic diseases, (h) pregnancy, and (i) severe aphasia. A written informed consent was signed by all the participants before the beginning of the interventions. All study protocols were reviewed and approved by local ethic committee (No: CT-94-7605).
Study design
This study was a randomized, parallel design, double-blind controlled trial. Patients were assigned into two groups; the rTMS in conjunction with RP group (experimental group) and the rehabilitation group (the control group). All the participants were blinded to a treatment allocation and treated by an experienced physiotherapist. Each subject took 10 treatment sessions, three times per week. Clinical measures were evaluated by a welltrained physiotherapist blinded to the subjects' group allocation during two separate sessions: a day before the first intervention session and one day after the last session.
Assessments
The BBT, FMA-UL, grip strength and pinch strength were selected as the outcome measure of paretic upper limb motor recovery. The BBT is a valid and reliable test to estimate unilateral gross manual dexterity [26] . It is comprised of a partitioned box and 150 blocks. During this brief performance-based test, subjects must pass as many blocks as possible from one box to another one in a minute. A total amount of blocks that subject could pass correctly reveal the gross dexterity of the upper extremity [27] . The FMA-UL was used to assess the paretic upper limb motor function. Reliability and validity of this test have been established previously [28] . This assessment includes 33 quantitative tasks and each task is graded from zero (no activity) to two (complete activity). The total score (66 points) indicates the normal motor function of upper extremity [29, 30] . A handheld grip dynamometer (Model SH5001, SEHAN, and Masan, Korea) and a hydraulic pinch gauge (Model SH5005, SE-HAN, and Masan, Korea) were used to assess maximal voluntary isometric grip strength and pinch strength, respectively. To measure grip and pinch strength, the elbow was held at 90 degrees of flexion and the forearm was kept in midposition. Subjects applied a maximal effort on the instruments for a period of five seconds. Three trials were done with a twominute rest between them. The mean value of the three trials was recorded.
Procedure
Patients in the control group were treated with RP for 10 sessions, 3 times a week. RP was carried out by the same physiotherapist. According to the severity of hemiparesis and motor deficits, RP consisted of a range of motion training, motor control education, the stretch of hypertonic muscles, the practice of activities of daily living, and functional electrical stimulation (for 20 minutes, with 25 Hz frequency and 0-250 µsec pulse wide to obtain controlled muscle contraction).
The patients in the experimental group received HF-rTMS in conjunction with RP. For the HF-rTMS protocol, this study used a Magstim Rapid stimulation (SM9000, Neurosoft, Russia) and a 100 mm figure-of-eight coil. Each Patient seated in a comfortable reclining position and wore a cap with equal marks 1-cm apart. The coil was positioned tangentially to the scalp over the hand area of the ipsilesional primary motor cortex (M1), with the handle orienting 45 degrees postro-laterally, on the hotspot of the affected abductor pollicis bravis (APB). To identify the APB hot spot, the handle was moved forward at 1-cm increments. The optimal stimulation site (hot spot) was determined as the point where the stimulation of suprathreshold intensity induced the largest motor evoked potential (MEP) in the APB muscle. Electromyographic (Neurowerk EMG, SIGMA Medizin-Techik, Germany) activity was recorded from Ag-Ag-Cl electrodes placed in the belly-tendon technique on the skin overlying the APB, and the signal was amplified, filtered (20 Hz-15KHz) and digitized at a sampling rate of 50 kHz for offline analysis. The hot spot of APB was marked on the cap with a marker to ensure the uniform coil position. The resting motor threshold (rMT) was determined in each subject prior to the rTMS procedure and defined as the minimum output of stimulation that was able to elicit MEP at least 50 µv in at least 5 of 10 consecutive trials. rTMS system was set on 20 Hz frequency, 5 seconds duration, 50 seconds inter-train interval, 20 train , and 90% of rMT (total 2000 pulse/day). The rTMS protocol used in the present study was performed according to the safety guidelines for rTMS applications (31) . RP was performed following the rTMS protocol in each session.
Statistical analysis
Statistical analyses were done using SPSS version 23 (IBM statistics, New York, USA). The Kolmogorov-Smirnov test was used to assess the normal distribution of data. In each group, differences between pre-test and posttest values were analyzed using Wilcoxon signed ranks test. The Mann-Whitney-U was used to evaluate between-group differences. The level of statistical significance for all analyses was set at p<0.05.
Results
The treatment and assessment sessions were completed by all the participants. The subjects' clinical characteristics and demographic data in two groups are shown in Table 1 . There were no significant differences between the two groups in both demographic and clinical characteristics at the baseline. The clinical outcome measured before and after the interventions are depicted in Table 2 . All clinical measurements improved significantly during 10 sessions in both groups. The extend of improvement in BBT for upper limb was significantly larger in the experimental group than in the control group (6.50±2.67 units in the HF-rTMS group, 2.30±1.63 units in the control group, p=0.003) (Figure 1) . Similarly, the improvement in grip strength was also significantly larger in the HF-rTMS group than in the control group (3.07±0.86 kg in the HF-rTMS group, 1.37±1.66 kg in the control group, p=0.007) (Figure 2 ). The improvement in FMA-UL and pinch strength was also larger in the HF-rTMS group compared to the control group; otherwise the differences were not statistically significant (FMA-UL: 9.60 ±4.27 scores in the HF-rTMS group, 6.60±5.01 scores in the control group, p=0.063; pinch strength: 1.12±0.66 kg in the HF-rTMS group, 0.77±0.62 kg In the control group, p=0.353) (Figures 3 and 4) .
Discussion
All participants completed the study protocol without any adverse events. In addition, the improvement of BBT and grip strength scores was significantly more obvious in the experimental group rather than the control group. Therefore, HF-rTMS had positive effects on improving gross dexterity and grip strength of the paretic hand in subacute phase of stroke.
Applying HF-rTMS over the lesional hemisphere has been reported to enhance the motor function of the paretic upper extremity following chronic phase of stroke. Yozbatiran et al. showed that a single session of HF-rTMS (20 Hz) had a beneficial effect on the motor arm function in the chronic phase of stroke [32] . Kim et al. reported that a single session of HF-rTMS (10 Hz) could improve motor learning and facilitate practice-dependent plasticity in patients with chronic stroke [33] . Ji et al. showed that the use of HF-rTMS (10 Hz) on the ipsilesional hemisphere in conjunction with mirror therapy could improve hand dexterity and movement speed in patients with chronic stroke [34] •Values are expressed as mean± standard deviation or frequency.
•*, p-value based on Mann-Whitney; † , p-value based on Chi-square •Significance level for within group comparisons. [35] . The neural mechanisms of motor recovery following rTMS intervention are not well understood.
There was evidence suggesting that rTMS can cause plastic changes in the microstructure of white matter and gray matter in the central nervous system [1] . The increase of growth factors such as brain-derived neurotrophic factor (BDNF) has been reported after the use of rTMS [36, 37] . Animal studies suggested that rTMS can enhance angiogenesis and increase cerebral blood flow in paretic adult rats. It has been suggested that rTMS can reduce the extent of infarction and neural death via the upregulation of anti-apoptosis of cells located at the margin of the lesioned area [38] [39] [40] [41] . Previous studies have shown that multi-session rTMS treatment provides a long-lasting effect on cortical excitability and induces long-term potentiation [42] .
Data from animal models showed that rehabilitation and exercise training can change neural architecture, such as neural sprouting, synaptogenesis and dendritic branching [43] [44] [45] [46] [47] . Furthermore, exercise training can activate molecular pathways that are important not only for neurogenesis but also for learning and memory [48] . A recent study showed that patients with mild-moderate levels of disabilities can benefit from using exercise and practice training that activate neural and muscular mechanisms of activity-dependent plasticity and learning [49] . In line with the previous study, our finding confirmed that the combination of HF-rTMS and RP could accelerate hand dexterity and grip strength of paretic Our finding showed that the improvement of FMA-UL and pinch strength of the impaired upper limb was greater in the experimental group than the control group, although both groups showed significant functional improvements. Despite the previous studies reported that the application of rTMS with various frequency could enhance FMA-UL scale [25, 34] , in the present study no significant differences were seen between two groups. Kim et al. reported that 10 sessions of 20 Hz rTMS at ipsilesional motor cortex significantly improved FMA-UL of the affected upper limb, but in their study the significant improvement of lateral pinch was not seen [25] . In their study, each subject received 10 treatment sessions over 2 weeks versus 3 weeks in our study. It seems that not only different characteristics of stimulation, such as frequency, coil orientation, and intensity influence the effect of rTMS but also the number of sessions and inter-session interval may alter the efficacy of rTMS on the motor recovery in stoke. Further study is needed to clarify the most beneficial sessions and inter-session interval of rTMS. Moreover, the accurate parameters administering the rTMS are not well known and effects may vary extremely while depending on interindividual variability such as the size and location of the brain lesions and the severity of the motor deficits. Although the result of this and previous researches are preliminary taken together, they provide new information and instruction about the potential therapeutic usefulness of HF-rTMS for functional recovery following stroke.
Generally, our finding revealed that HF-rT-MS in conjunction with RP is more effective to improve the function of upper limb, than RP alone. It seems HF-rTMS is a novel feasible and safe technique for hemiparesis patients with subacute stroke. This study had some limitations. The first, we treated the patients with 22-44 points in FMA-UL. Therefore, the effect cannot be generalized about patients with greater deficits. The second, we used a technique of RP that is a common approach in rehabilitation clinics, but the effect of rTMS in conjunction with other rehabilitation techniques (such as proprioceptive neuromuscular facilitation, constraint-induced movement therapy, bilateral arm training and mental practice) is unknown. Future studies should involve other rehabilitation protocols in conjunction with rTMS. Since, we didn't verify the persistence of the longterm effects, it is necessary to perform similar studies on patients with follow-up evaluation.
Conclusion
The combination of HF-rTMS and RP is a safe and practical intervention for hemiparesis patients with subacute stroke. To improve upper limb hemiparesis in such patients, HFrTMS seems to be more beneficial than the rehabilitation treatment, alone, thus further studies should investigate the influence of other specific rehabilitation techniques on the response to rTMS. Our results suggested that the number of sessions and inter-session intervals were important parameters that should be considered in rTMS interventions in patients with stroke.
